The estl mutant was previously identified because it is defective in telomere maintenance and displays a senescent phenotype. To Coimmunoprecipitation of Tlcl with Estl was similar, but a high-salt lysis buffer was used (50 mM Tris-HCl, pH 7.5/250 mM NaCl/50 mM NaF/5 mM EDTA/0.1% Nonidet P-40/5 mM dithiothreitol. Cell extracts were incubated with antibody for 20 min. Extract containing 10 mg of protein was immunoprecipitated by using 0.6 tuL of 12CA5 ascites fluid, and one-eighth of the immunoprecipitate was loaded on the gel. Epitope peptide competition experiments used 0.6 tul of 12CA5 ascites fluid, 100 jug of competitor peptide (YPYDVPDYA), and extract containing 10 mg of protein. In Fig. 1 , lanes 1 and 4 contain the total RNA from extract containing 12.5 tug of protein-i.e., they represent about 1% as much extract as the lanes containing immunoprecipitates.
The ends of eukaryotic chromosomes are capped by structures called telomeres which prevent the ends from being degraded (1, 2) . Telomeric DNA consists of repeats of simple sequences, such as TTAGGG in humans, and TGi-3 in the yeast Saccharomyces cerevisiae. Telomeres are maintained by an enzyme called telomerase, which adds the repeats to the very ends of the chromosomes, thereby balancing the loss of repeats which occurs during replication (3) (4) (5) . Telomerase is a remarkable enzyme containing both RNA and protein components. The RNA component contains the template for addition of repeats. For instance, the Tetrahymena thermophila telomerase RNA contains the sequence CAACCCCAA, which templates the addition of TTGGGG repeats (6) . The yeast telomerase RNA Tlcl contains the sequence ACCACACCCACACAC, which templates the addition of the TG1-3 repeats (7) . Since mature yeast telomeres contain mostly imperfect copies of the template (8, 9) , copying in yeast must be degenerate and imprecise.
Telomerase activity has been discovered in a number of organisms, and the telomerase RNA has been cloned in a few cases (3) . Two (11) . Yeast cells lacking ESTI suffer telomere shortening, and clonal cultures undergo senescence, with most cells in the culture dying after 80-100 population doublings (11, 12) .
MATERIALS AND METHODS
Yeast Media, Strains, and Plasmids. Standard methods were used for growth and manipulation of yeast (13 (Fig. 4) (7, 11) . Both .''-,r.
--+ -RNase (22) (23) (24) . In one study, an oligonucleotide ending in GGG was used as substrate, and activity was absent when tlcl strains were used (22) . In a second study, an oligonucleotide ending in GTG was used, and some telomerase-like activity was present in tlcl null strains (23) . Our results with oligonucleotides TELPGGG and TELPT suggest that these apparently conflicting results may be due to the different oligonucleotides used as substrates. These two studies also differed in that one found activity in estl strains (22) , while the other did not (23) . We find that the TLCl-independent activity is present in estl strains. However, while the TLCl-dependent activity is clearly associated with Estl, we have no information on whether it is dependent on ESTI because it is not nonspecifically precipitated, and so we cannot assay for it in an estl mutant.
Five percent or less of the Tlcl RNA could be coimmunoprecipitated with Estl. Although there are other interpretations, this may mean that only a fraction of the cell's telomerase is associated with Estl. Estl may not be a catalytic subunit, but rather an accessory protein, perhaps responsible for targeting the complex to telomeres or for regulation of the complex.
The recent identification of the yeast telomerase RNA (7) , and now the identification of yeast telomerase activity and an associated protein (refs. 22-24 and this work), will allow rapid advances in the study of this enzyme by using the molecular and genetic tools available in yeast.
